USDA Remote Sensing Overview

- ' Y ! L.
y ,, : W .}-:_’ AT { Bl ‘;)_4" R 0 vtawing

Curt Reynolds and Glenn Bethel

JACIE Workshop, Boulder, CO, March 29, 2011
curt.reynolds@fas.usda.gov

USDA Linking U.S. Agriculture @
= sy Vorld



SECRETARY

* Natural Resources
Conservation Service & &

+ Foreign Agricultural

Service _:'.V
+ Risk Management -
Agency wr

* Rural Housing

Service

* Rural Business

Cooperative Service

+ Center for
Nutrition Policy
and Promotion

Service

Library

Statistics Service

- National Institute of & &
Food and Agriculture
+ Economic Research

+ National Agricultural

+ National Agricultural

bt

§:

bt

{

* Animal and Plant

Deputy Secretary
Ditector of Inspector General /;ssisétant Seqetarly Assistan: Secretary Assistant Secretary
Communications General Counsel SEAONGICSHON o ivil Ri
Relations Administration fax Sl Bights
# = USDA Remote Sensing Agencies |

H Chief Information Chief Financial Executive

( 1 0 Of 1 9 Ag enci eS) Officer Officer Operations
Under Secretary for Under Secretary for Under Secretary for Under Secretary for Under Secretary for

Natural Resources Farm and Foreign :Sgﬂ)see:erlitaz::: Food, Nutrition, and Und:r::c;reftary for Research, Education, Marketing and
and Environment Agricultural Services P Consumer Services HoR ety and Economics Regulatory Programs
* Forest Service iy + Farm Service Agency 4_‘..? * Rural Utilities + Food and * Food Safety and + Agricultural 3;; + Agricultural
-+ Service Nutrition Service Inspection Service Research Service Marketing Service

it
Health Inspection  Zg*

Service

* Grain Inspection

Packers and
Stockyards
Administration

O NRCS

Natural Resources Conservation Service

APHIS

USDA :

ERSee

ECONOWIC NESE CH sSERVICE
Liresed S2ates Desariment of Ayicutore

RMA

P ]

USDA has over 65,000 ESRI
desktop licenses

®

Bethel JACIE 2011

U

SD

v
_™
e

A


http://www.rma.usda.gov/
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USDA'’s Interrelated Policy and
Program Considerations

« Commodity programs - Wildland fire
e Conservation - Carbon MarketS
« Agricultural trade * Environment

= Climate change
= Trade Policy

= Dealing with longer-term
scarcity concerns:

« U.S. Nutrition programs
 Rural development
e Agricultural research,

education, and extension = Land availability
* Forest Health = \Water
- Sustainable Agriculture =  Food production
« Sustainable Forestry Inputs, especially
- Disaster programs SIErg
= Energy /Biofuels
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Global to Field Level Requirements

Yellow = USDA
Areas of Interest

Green = Forest Service Land

380,000 miles of roads
23,000 recreation sites
7,700 miles of scenic byways
860 million recreation days/yr
3.4 billion board feet timber sales
4,400 miles of wild and scenic rivers
Ex $21 billion worth of hunting & fishing to U.S. economy
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Early Cooperative Research

between USDA, NASA, & NOAA

LACIE (Large Area Crop Inventory Experiment)-1975-79

— "Determine the practicality and utility of computer
analyzed remotely sensed data in crop forecasting”

— Launch of Landsat and Great Russian Grain Robbery in
1972 helped to motivate funding for LACIE.

 AgRISTARS (1980-85)- operational program to
monitor crop production in USSR with satellites

* Principal satellites were Landsat & AVHRR-NOAA
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Crop Monitoring Heritage
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Free Landsat imagery greatly assists USDA and is USG's
gift to mankind for better understanding planet Earth
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Crop Monitoring and ......

FAS/WAOB (Foreign Agricultural Service/World Agricultural Outlook Boaf®

— National crop estimates with global coverage for monthly WASDE (World
Agriculture Supply and Demand Estimates) report

« NASS (National Agriculture Statistical Service)
— US Crop Data Layer (CDL) derived from Landsat/AWiFS data
* ARS (Agricultural Research Service)
— Remote sensing research for agriculture applications
« FS (Forest Service)
— Forest mapping and forest fire monitoring
«  RMA (Risk Management Agency)
— Combat crop insurance fraud
 APHIS (Animal and Plant Health Inspection Service)
— ldentify invasive species
 FSA (Farm Service Agency)
— National Agriculture Imagery Program (NAIP)- aerial orthoimagery
« NRCS (Natural Resources Conservation Service)
— National Resources Inventory (NRI) and Wetlands Reserve Program (WRP
USDA Linking U.S. Agriculture @
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USDA Remote Sensing Investments

Aerial and High-resolution imagery for the US
— National Agriculture Imagery Program (NAIP) by USDA/FSA
— Special imagery collections for Hawaii, Alaska and US Territories
(USDA/FS and USDA/NRCYS)
* Moderate-resolution imagery (10-56-meter) for
monitoring agriculture and forestry in the US

— USDA Satellite Imagery Archive (AWIFS & SPOT4/5 with USGS)
— USDA/NASS Crop Data Layer

« Coarse resolution time-series imagery (250-meter) for
global crop monitoring

— USDA and NASA Global Agriculture Monitoring (GLAM) Project

» Global MODIS (250-meter) Time-Series for Cropland Data Drillin
l_J\S DA Linking U.S. Agriculture /‘%
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National Agriculture Imagery Program (NAIP)
by USDA’s Farm Service Agency (FSA)

November2,2010

2010 NAIP IMAGERY STATUS

US Department of Agriculture
Farm Service Agency
Aerial Photography Field Office
2222 West 2300 South
Salt Lake City, UT 84119-2020

Brid,
AREAS CONTRACTED - 139,495 (DOQQS) Te: 8012442911 956.3640
Emil: ridgetbarlowi@sic.usda.gov
Website: wawapfo.usda.gov

- AREAS FLOWN - 139,356 (DOQQS)

2009 NAIP COVERAGE

>100% Coverage in Two Years
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NAIP Camera Trends

Film Cameras vs. Digital Sensors
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Four Band Imagery Increases Applications
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USDA Satellite Acqulsmons

k

« USDA agencies partner with each other to leverage
Imagery investments

— USDA's Satellite Imagery Archive (SIA) is central
depository for imagery investments by ARS, NASS, FAS,
FSA, RMA, FS, APHIS, and NRCS

— AWIFS imagery from 2005-current

« USDA partners with USGS, NASA, NGIA and other
agencies for imagery acquisitions and applications.
— SPOT4/5 imagery with USGS (2010-2011)
— USDA/NASA Global Agriculture Monitoring (GLAM)
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AWiFS Imagery Allowed Coast-to-Coast
Cropland Data Layer Production in 2009

2009 Cropland Data Layers Joba

USDA/NASS
Released: Jan 4, 2010
Resolution= 56-meter

Land Cover Categories (by decreasing acreage)

Agriculture Non-Agriculture

| | Pasture/Grass [ | Fallow/idle Cropland I Other Small Grains [ ] Woodland [ | Barren

[ ] com/Dbl. Crop. Corn [ ] Alfalfa [ Vvegetables/Fruits/Nuts [ | shrubland [ ] Perennial Ice/Snow et

I Soybeans/Dbl. Crop. Soy. I Cotton/Dbl. Crop. Cot. [ | Rice [ Urban/Developed ﬁh
I All Wheat/Dbl. Crop. Wht. I other Crops [ Wetlands

[ | Other Hays 7] sorghum/Dbl. Crop. Sorg. B Water Florida available Spring 2010 i
Source: http://nassgeodata.gmu.edu/CropScape NASS



Historical NASS CDL Development

NASS 1997 CDL

SR
=

CropScape - Cropland Data Layer

stics Service

Cropland Data Layers
1997 - 2009

NASS 2003 CDL

:"P‘“#“,
lics Service <=7

CropScape - Cropland Data Layer
)J@?‘@eo OB @ wm - 0| dll "9 (B | 284943342373, 241888581356

Source: http://nassgeodata.gmu.edu/CropScape NASS



AWIFS Imagery (larger swath width &
greater repeat coverage than Landsat)

3Mto60days | | 91to120 days [ ] =150 days

Larger AWIiFS swath width
helps to cover continent and
overlap helps to increases

temporal resolution

Linking U.S. Agriculture
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2010 Cropland Data Layers

USDA/NASS

Released: Jan. 10, 2011
Resolution= 30-meter

=

National product contains 55 billion pixels proc'essed
from 8,601 scenes Landsat and 1,194 AWIFS scenes.

Source: http://nassgeodata.gmu.edu/CropScape
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CropScape - NASS COL Program | w0 v Page = Safety = Tools = ﬂv

USDA United States Department of Agricullure
s National Agricultural Statistics Service

-
£F Layers || & Legend oo ME S O O
=+ Background Layers
=] % Global Land Cover
=] None
=+ Crepland Data Lavers
=]+ 2010
= 2008
= 2008
= 2007
= 2008
= 2005
= 2004
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= 2002
= 200
=] 2000
= 1989
= 1988
= 1887
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= AsD
=|v state

dll " L& | 275789028675, 1586995 75681
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NASS CropScape: Harmonized all historical CD cproducts
to standard color scheme, categories, projection, metadataﬁ

=
« http://nassgeodata.gmu.edu/CropScape NASS
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2010 Cropland Data Layer

Land Cover Categories

(by decreasing acreage) MclLean County, L
Agriculture Non-Agriculture
.| cCom I urban/Developed L T LT (R L
B soybeans || Woodland : '?A e - Y ¥ P}
| | Pasture/Grass [ Water L i %y ‘ 'y’ - ' .

E Alfalfa |:| Barren
- Winter Wheat \:I Wetlands

B Other Crops

Source: http://www.nass.usda.gov/Education_and_Outreach/Reports, Presentations_and_Conferences/Presentations/index.asp



Unied States Department of Agriculture, National Agrcultural Statistics Senice

2009 Cropland Data Layer: Crop-Specific Images

rl'l. X

Crop Calegonies
|y Cefreasing akneage
I com
I 5cmeans
I Pamier ineat
I Scoing Wineat

I Cther Emal Granz
N Scrohum

I Frufis, Muts, \agetabiss
I Ric=

Source: http://www.nass.usda.gov/Education_and_Outreach/Reports, Presentations_and_Conferences/Presentations/index.asp




NASS Cropland Data Layer Applications

Sl Acreage Estimates : Irrigation .
Epidemiolo
Land Cover soil Utilization Modellng ) P ) gy
Ethanol Resea rch reom Agrlbusmess
Carbon Forest |
B T Riodiesel
Erosion L Pesticides
Coobosy ‘é\ Fertilizer
Yield E . x I.Fm Biofusl
e Land Use
Erosystem 2,1 . Commaodity
Planning e‘:;\:*'g 5 Urban Growth
Water Use - Soil and Water
- ertilizer Usage
Crop Rotation rert
P ,. Crop Intensity
Lan N iy Environmental Risk 1\.\ Wildlife Habitat Quality
Watersheds L . e
i Change Detection .~ . o
Transportation Educatlon Data Mining Condition Assessment Mapplng% ﬁh
Disaster Assessment Crop Production Crop Protection i
NASS

Source: http://www.nass.usda.gov/Education_and_Outreach/Reports, Presentations_and_Conferences/Presentations/index.asp



NASS Cropland Data Layer (CDL)
Partnerships

= Foreign Agricultural Service
= Resourcesat-1 AWIFS Linking LS. Agriculure 223

= Farm Service Agency

= Common Land Unit “ground truth”

MRLC Consortium

= US Geological Survey

= National Land Cover Dataset

" US Geological Survey/ NASA B=Z
" LlandsatTM 5 & 7

= MODIS ﬁ%\_

Source: http://www.nass.usda.gov/Education_and_Outreach/Reports, Presentations_and_Conferences/Presentations/index.asp N AS S
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USDA’s Satellite Imagery Archive (SIA)
and Archive Explorer

United States Department of Agrlculture

* Archive Explorer disseminates |- —
AWIFS Imagery for USDA e ‘
users

— http://www.pecad.fas.usda.gov/ar e el
chive_explorer/default.cfm

b
unicea ST <S8 T [ Map [ satelite | Terrain
Kingdom| | /Pols! L

« Bulk imagery download via ftp | |
— ftp://rasta.gdacorp.com : A . A
— EarthWhere graphical interface at iy gl
http://sia.fas.usda.gov/ e
Eoogle

USDA Linking U.S. Agriculture @
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AWIFS Scenes Purchased by USDA/SIA

2000
Record AWIFS purchases for the US in 2010 because foreign _\
1800 dlorder was reduced from battery problems with on-board recorder.
1600 \L
1400 -
1200
0
O
S 1000
O
W
800
600
400
200
0 T
2004 2005 2006 2007 2008 2009 2010 //S-yr Avg\
W Foreign 21 16 527 610 664 486 102 ( 478 >
mus 125 84 888 798 1059 944 1322/‘?\1002/
US received approximately 2/3 of total AWIFS {4 L5, Agriculture "%
scenes and foreign countries received 1/3 of total. " 7 =




Imagery Costs vs. Spatial Resolution

Cost -- Resolution Relationship for Orthorectified
Medium Resolution Satellite Imagery

\
LISS4
$3.50
/ SPOT5
$3.00
g /
2 $2.50 | SPOT 2/4
/]
&7 $2.00
=2 / / / LISS3
® $1.50 v
o
S ¢ |/
$1.00 ,
\ O / DMC (32-m) | /[ AWiFS
$0.50 /
N O é
$0-Oo 1 1 A= "4 * 1 1
0 10 20 30 40 50 60 70

Resolution (meters)

- PREDICTED 0O CAT.COST O USDA COST

USDA
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SDA Partners with USGS for
2010 and 2011 SPOT-4/5 Imagery

SPOT4/5 collections
t .
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« Ground receiving
station at USGS-
Sioux Falls

o -_' EROS Reception Coverage
Contract Bounding

Requested Area of Interest

USDA Linking U.S. Agriculture
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Contract Year 1

Final USGS SPOT+4 and SPOT-5 Databuy Coverage

Legend

B sroT4
B sFots

. . N Ly
1“'\‘\";5 o e
ﬁc}“\\x?ff g;:,“::.\f?’ -
- —

i3
L]

3

0 260 520 1,040 1,560
Contract Year 1

USDA
ool

e

Linking U.S. Agriculture (1 @
sy Vorld




Final USGS SPOT4 Databuy Coverage by Count
Contract Year 1

N
0 260 520 1,040 1560 2,080 Q\;
Contract Year 1 Miles N
USDA SPOT 4 Spatial Resolution = 20-meters Linking U.S. Agriculture @
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Final USGS SPOT-5 Databuy Coverage by Count
Contract Year 1

0 260 520 1,040 1560 2,080 \15;,
Contract Year 1 Mllop \\h/
USDA SPOT 10 Spatial Resolution = 10-meters ~ Linking U.S. Agriculmm@
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SPOT Imagery Downloaded by USDA
Agencies during 2010

Department of Agriculture (USD,,, - 461 -‘ ~Risk Management Agency - 344

Forest Service - 515 —— o ——MNatural Resources Conservation... - 263
' - Agricultural Research Service - 135
\ . —Foreign Agricultural Service - 87

~-Farm Service Agency - 22

Mational Agricultural Statisti,., - 10669 -

USDA Distribution

USDA Linking U.S. Agriculture @
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USDA Partners with NASA’s
Earth Observing System (EOS)

vﬁl

f'q _g OSTM/Jason 2
ey

~
<N : Radar satellite
Iy

QuIKSCAT altimeters for

monitoring reservoir

Landsat for monitoring crop */ ACRIMSAT and lake water levels.
area changes.
Landsat 7
e
MODIS sensor for TRMM for
monitoring relative crop s monitoring
conditions and yields. !.":{soncs seasonal

precipitation

»|CESat

CALIPSO

, CloudSat

'" Emf»

g
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USDA United States Department of Agriculture

Explore by Region

Zamm Foreign Agricultural Service

Crop Explorer

(displays numerous weather and vegetation condition data sets
over major crop regions every 10-days)

[ Fome [IIT3

é.“Ne\.r.r.'s & Events

North America
United States
Canada

Central
America
Mexico

Central America
and Caribbean

South America
Erazil

Northern South
America
Southern South

Site Index

America
Eé.lrope Middle East Oceania
urope Iran, Irag, Syria and Turkey Australia
= 1 1N i~

|Explore by Commodity

Former Soviet
Union
Kazakstan

Russia, Azerbaijan,

Armenia and
Georgia

Ulkraine, Moldowva,
and Belarus

Africa

Morth Africa
Southern Africa
East Africa
West Africa

Asia

Eastern China
South Asia
Southeast Asia
Central Asia
Korea

Crop Explorer: http://www.pecad.fas.usda.gov/cropexplorer/

AV 4
eeergineplOre by Crop
s 2
Efarley = L 4
R il q-gles and Reports
Cotton <
Meal, Copra i i
ek | C\ﬂ;tmued Drought in 2009/10.
Mized Grain -
Qats n . -
ail, Palm ons are currently in the grip of one of the worst
8‘:5283, gmtjtra 4 ] d faiwre of rain-fed grain crops occurred in
S e, irrigated crop area and yield. Food

grain

production dropped to some of the lowe#% levels in decades, spurring governments to
o ||enact grain expert bans and resulting J® abnermally large region-wide grain imports.

/10 growing season which begins in October, even

€®|should drought continue into the 2
_gr?at&r declines in grain prodygteh will occur as planted area for both rain-fed and
irriga

Gclw;uﬂlhbg ieta'ay restricted. A second year of severely reduced grain
harvests would imply significantly increaszed regional grain import requirements as well
as posing substantial threats to internal security in countries like Irag, Afghanistan, and

Dalrictan Afahanictan ic tha mack vilnarahla  muina ta ke lacls oF finsncisl

racnnrmae far

o Cyclone Nargis Maps

o Irrawaddy Delta, Burma

., Lake Victoria's Falling
| Waters

- The FAS Crop Explorer:
A Web Success Story

., ASRC Sag Award
~ Press Release

_(;[’!;}6, & Gi.ﬁ'lff GF

& SUMMIT

3 LYY
September 17 - 19, 2008

i Contact Us

Rel, Sites |:|
“#Agricultural Production

. Articles and Reports

o Explore by Crop

o Future of Land Imaging
o Geographic Search

o Global Crop Production

o Global ReservoirsfLakes
o Landsat GloVis

o MODIS Image Gallery

o MODIS Image Archive

;| MODIS NDVI Gallery

“QWODIS NDVI Time Seri

Maps and time-series charts for:
Weather Data (AWFA, WMO, CMORPH,
MPA, and NEXRAD)

» Dekadal (10-day) precipitation &
temperatures compared to climate
normals

Soil Moisture & Crop Models
* Modified Palmer two-layer soil moisture

» Behind firewall: Crop calendars for
wheat, corn, & sorghum and corn
hazard/alarm model.

Vegetation Indices (polar-orbiting
satellites)
+  AVHRR/GAC (8-km) (behind firewall)
«  SPOT-VEG (1-km)
«  MODIS (250-m)
Daily MODIS
® Aqua and Terra (250-m)
Lake/Reservoir Heights
+ TOPOX/Poseidon,Jason-1, Jason-2
« GFO
* ERS, ENVISAT

Linking LLS. Agviculiure @
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USDA-NASA Global Agriculture Monitoring (GLAM)
Daily 250-m MODIS from NASA’s Rapid Response

USIDA united Sestes Department of Agriculeure I
— . N . Jnking U5, Agmiculture
2l Foreign Agricultural Service =

Tsunami Inundation - Sendai, Japan (MODIS 7-2-1) ¢ 5 10 20kiometers
_ e ot o

February 23, 2011

Tsunami Inundation and Croplands ni
e S 3
7 < \

System Status

MODIS Imagery Import Tool for | [l g%/

Data Source: MODIS Rapid Response

Cities ek PO
B ODIS-Derived Inundation

Cropland Areas

e ' 4 - G Global ulture
Crop Explorer/MODIS/GLAM Rapid Response: "y wfn‘."‘
http://www.pecad.fas.usda.gov/cropexplorer/




USDA-NASA Global Agriculture Monitoring (GLAM)
250-m NDVI-MODIS Time-Series from 2000-present

250-meter MODIS/NDVI Time Series Database from the Global Agriculture Monitoring
(GLAM) Project

Please select vour region of interest by clicking on the globe L7 selecting from the list

GLAM-MODIS NDVI Time Series for Cropland Data Drilling
http://pekko.geog.umd.edu/usda/test/

2
USDA

USDA/FAS/OGA



Vegetatlon/Carbon

(Landsat, AVHRR, MODIS,
VIIRS, MetOp, DESDynI,

ICESat-Il, HysplIRlI, LIST,

Surfaée soil moisture
(SMMR, TRMM, AMSR-E,

ASCENDS)

SMOS, Aquarius, SMAP)

y
V4

Snow water
equivalent
(AMSR-E, SSM/I,
SCLP, GCOM-W,

MIS)

Snow cover fraction
(MODIS VIIRS, MIS)

X Y /
Potential New Inputs for
Crop Explorer or GLAM

i e . . i
Precipitation ;_,::‘%KE 3 ..__r "-_:.,. T
(TRMM, GPIV) [ [ Mel | GERYT

Y A

Radiation
(CERES, CLARREO)

LISDA
Modified from
NASA- Peters-Lidard

Land surface temperature
(MODIS, AVHRR,GOES,...)

/

Water surface elevation
(Jason-2, SWOT)

Terrestrial water storage
(GRACE,GRACEII)

Linking U.S. Agriculture @
YA World



GEOSS: Global Earth Observation

System of Systems

What is GEOSS?

GEOSS
Common Infrastructure

GEQ Portal
Component Registry
=Standards Regiztry
Be=t Practices Wiki
Ta=k Force

GEOMNETCast
GEO BON

2009-2011 Work Plan

Transverse Activities

%o GROUP ON
EARTH OBSERVATIONS

About GEOD leeting: News Room Drocumen

Home = GEOQSS

What is GEOSS?: The Global Earth Observation System of Systems

THE GLOBAL EARTH OBSERVATION
SYSTEM OF SYSTEMS

INFORMATIOMN
FOR THE BENEFIT
OF SOCIETY

Ciick on Societal Benefit Area icons to go to the relevant page

Source: http://www.earthobservations.org/geoss.shtmi



GROUP ON
EARTH OBSERVATIONS

About GEO

Key documents

| m, a0 A o S R e
&F Agriculture e Y W&ﬁrﬁ i" = .ém
M Community of Practice ﬁ SN e -

\ S
Wit e Task Sheets:
4 . i P o gt
Global Agricultural Global Agricultural Monitoring System of Systems | Plosse select a taskc [l
Monitoring L |
e The Group on Earth Observations (GEO) / Integrated Global Observing Strategy (IGOL)
i Agricultural Monitoring Community of Practice was established in July of 2007 at the second | Othe
Participating programs IGOL/GED workshop convened at the headquarters of the UN Food and Agriculture Organization (FAC) AGM brochure
Mestings in Rome. Th!s u:u:l'rl_n'll.lnit\,-r of prgcti!:e represents tw;ntv-five national _and international organizations . e Tir 3oed
concerned with agricultural menitering. Its purpese is to develop and implement a strategy for glebal N

f GEQ. * AG Morfitoring discussion
n urgent need for a comprehensive, systematic and paper
ng system. More frequent extreme climate events such as » Summgdry Country Report
— ; Surveillance globale de  Eii=elals] agri_c:ultural production worldwide. The risk Uf food + Workshop report:
¥ 4 I'Agriculture e earth continues to respond to pressures such as climate
pulation growth, on the land that sustains us. Understanding | peveloping | Strateqy for Globa
] 7 8 rno6anbHbi ion is essential to combat both short-term and long-term | agricultural] Monitoring in the
‘ = Climate Changé’ bCKOXO3sACTBEH bd for all. of Group on Eart
Globales = - Al m % h S L = - < in =arth observations, involving satellite observations,
Ia"dvﬂ;f,siigzggc j - : 1 d survey could revolutionize global agricultural production
hement of our agricultural resources, helping to reduce
hievement of the Millennium Development Goals.

de la agricultura

Ssa el Alaldl

2172 NIX7EN A

BRipIkn AypoTikn k Societal Benefit Area
Monitorame; 3 m [ BPakoAoubnon

slobel 25B%) Bulletin describes different National
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Current USDA Land Remote Satellite Sensing Use
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Crop Monitoring Outliook for 2011

« 2011 SPOT4/5 Imagery Contract with USGS

2011 US Crop Season

— RFQ for Moderate Resolution Imagery Collection for
Lower-48 States from May-Oct, 2011

* AWIES or similar imagery with greater swath width and
greater repeat coverage than Landsat

« Anticipated Launch Dates:

— Oct. 25, 2011: NPP (NPOESS Preparatory Project)

* VIIRS is less than MODIS but USDA/FAS plans to bring it
on-line for global crop monitoring
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